Purpose: The gradient-optimized methods are overcoming the traditional feathering methods to plan field junctions in craniospinal irradiation. In this note, a new gradient-optimized technique, based on the use of a background dose, is described.
proton therapy. In line with these developments, the techniques for planning field junction evolved from the moving junction techniques, often referred to as field feathering, to the method exploiting the potential of dose modulation and inverse planning.
It has recently been shown that the most robust field-junction to setup errors is obtained by the so-called gradient-optimized methods, i.e. by producing a slow, linear and complementary dose gradient at the beam edges in the overlapping region between adjacent beams. 3, 4 These methods showed a reduced sensitivity to longitudinal setup errors compared to the conventional feathering methods. 5 Dose deviations increased linearly with setup errors, and the magnitude of increase depended on the junction length, 3 i.e. the ratio between the dose error and the prescribed dose was proportional to the ratio between the setup error and the junction length. 6 The gradient-optimized methods are overcoming the traditional multiple-junction shifts, and no standardized planning method exists.
In the following paragraphs, we describe a new gradient-optimized technique to plan field junction, based on the use of a background dose. Typically, a background dose is the dose resulting from a previous irradiation, when it is managed by the treatment planning systems (TPS) to optimize the successive re-irradiation over the previous dose distribution. In our approach, the background dose was modeled a priori to produce a background gradient in the junction area, and it is used to guide inverse planning of the treatment beams.
| ME TH ODS AND RESULTS
TPS simulations were performed in RayStation (RaySearch Laboratories, Stockholm, Sweden) on the CT scans of a pediatric patient. ) and then exported in DICOM format to be uploaded by the TPS as in Fig. 1(a) . In the future, a specific script can be realized to produce the same dose distribution by using RaySearch scripting tools. The background dose covered upper-spinal PTV by the prescription dose to avoid (by using a max-dose objective, see Table 1 T A B L E 1 Planning objectives and workflow.
Step The target was divided into five volumes [as shown in Fig. 1(a) ]: brain, upper-junction, upper-spinal, lower-junction and lower-spinal.
Patient CT data and structures are exported from the TPS and uploaded into a numerical computing environment (MATLAB â , The MathWorks.inc, Natick, MA, USA). To generate the background dose, three contoured volumes were considered: upper-junction, upper-spinal and lower-junction. In each CT slice containing an upper-spinal contour, the voxels of the background dose matrix inside the contour were assigned by a uniform value equal to 100% of the prescription dose. In each CT slice containing an upper-or lower-junction contour, the voxels of the background dose matrix inside the contour were assigned by a uniform value, which depended on the position along the craniocaudal direction, to produce a perfect dose gradient along the upper-and lowerjunction PTVs [see Fig. 1(a) ].
It has been demonstrated that gradient-dose junctions reduce the risk of dose overlap or underlap owing to field setup errors compared with the conventional feathering technique. 5 Feathering can in principle be as robust if enough (i.e. very many) "feathers" are used, but the feathering planning and quality assurance process would require much more work to be practicable. For a given junction planned by a gradient method, deviations increased linearly with setup error, and the magnitude of increase depended on the junction length. Given the same setup errors, a larger gradient length reduced the associated dose deviations. 3 Even though in the gradient method there is some anatomical limitation to the upper junction length, potential dose deviations in the upper and lower junctions were small after kilovoltage alignment. 4 After the first studies where adjacent beams were intentionally overlapped to alleviate the issues of beam edge matching, 7, 8 different approaches were proposed to properly obtain dose gradient in the junction area. In Myers et al., 9 using VMAT, the junction area of the target where the two arcs overlapped was contoured as four, equal-in-length sections. These sections were used to guide inverse planning and shape the dose gradients across the field junction.
Using proton pencil beam scanning, in Lin et al. The techniques that segmented the targets to guide the planning of field junction were applicable to different irradiation modalities and in fact they were reported both for photons 9 and protons. 3 However, they suffer of cumbersome procedures and poor quality of the linear gradient when increasing the length of the junction area, resulting in step-shaped gradients. 9 To improve the quality of the junction, the number of segments should be increased with a consequent increase in plan complexity, and many volumes to be managed during optimization. On the other hand, the ancillary beam method 4, 6 easily produced high quality gradients, but it is applicable only if a proton therapy machine equipped with pencil beam scanning is commissioned on the TPS.
The technique described in this short note could overcome the limitations of the other gradient-optimized methods. In fact, it produced high-quality gradients in a very simple way and it could be applicable for both protons and photons and therefore it can be con- 
